Tumor metastasis is the prime cause for increased morbidity and mortality for majority of the cancers. Invasive or infiltrative ductal carcinoma (IDC) is the predominant form of breast cancer, accounting approximately 80% of all breast cancers. The molecular portraits and the mechanism by which they promote IDC remain largely unknown. Hematopoietic PBX interacting protein (HPIP/PBXIP1), a microtubule binding protein, regulates cancer cell migration and invasion. However, functional mechanism underlying HPIP-mediated cell migration in cancer remains uncertain. Here, we describe our recent studies in which we identified the new mechanisms by which HPIP regulates cell migration in breast cancer cells. Our recent studies confirmed that HPIP expression is elevated in breast infiltrative ductal carcinoma and positively correlated with poor patient survival. We reported that HPIP directly interacts and activates FAK to promote the cell migration. Mechanistic studies further revealed that HPIP induces focal adhesion disassembly by enhancing calpain2 activity through MAPK pathway that led to talin proteolysis, focal adhesion turnover and cell migration. Interestingly, the activated calpain2 in turn cleaves HPIP suggesting the tight regulation of HPIP-FAK-calpain2 signaling cascade during cell migration. Cell migration is a multistep and dynamic process involving focal adhesion turnover, leading edge protrusion, tail retraction, generation of tractional forces and detachment [1] . Focal adhesions, large macromolecular complexes that connect the cell physically with the extracellular matrix, play crucial role in cell migration by regulating multiple steps involving attachment of cell to ECM, tail end retraction, leading edge protrusion and detachment of cell at rear edge [2, 3, 4] . The rapid turnover rate and local rearrangements of focal adhesions often predict the speed of cell migration [5, 6] . Diverse array of proteins with different activities such as kinases, proteases, phosphatases, dephosptases, adaptor proteins, microtubules, etc participates in the FA turnover and cell migration [5, 7, 8] . However, limited reports exist to support the role of microtubule-binding proteins in focal adhesion turnover. In our recent report, we found the regulatory role for hematopoietic PBX interacting protein (HPIP), a microtubule binding protein, in focal adhesion dynamics and cell migration [9] . Hematopoietic Pbx-interacting protein (HPIP) was first identified as a transcriptional repressor of Pbx proteins [10] . It is mostly localized in cytosol but traces amounts also found in nucleus. The transcriptional repression activity of HPIP is primarily attributed to the presence of a nuclear export signals and two functional nuclear localization signals [10] . Recent studies revealed that HPIP is involved in erythroid differentiation and display stem cell activity by modulating the PI3K/AKT/GSK3β signaling pathway [11] . [10] suggesting a role for HPIP in primitive stages of hematopoiesis. However, as HPIP expression positively correlates with Pbx1 in various tissues and during developing embryo implying that the functional interaction between HPIP and Pbx is not restricted to the hematopoietic system perhaps it may have role in the early stages of embryo development. In support this notion, HPIP expression have been found during embryonic stem cell differentiation [12] . HPIP is also shown to functionally interact with ERβ and Tex11 in regulation of germ cell proliferation [13] . Interestingly, HPIP overexpression was found in various cancers including hepatocellular carcinoma (HCC), glioma, leiomyosarcomas and oral carcinoma [14, 15, 16] .
Cell migration is a multistep and dynamic process involving focal adhesion turnover, leading edge protrusion, tail retraction, generation of tractional forces and detachment [1] . Focal adhesions, large macromolecular complexes that connect the cell physically with the extracellular matrix, play crucial role in cell migration by regulating multiple steps involving attachment of cell to ECM, tail end retraction, leading edge protrusion and detachment of cell at rear edge [2, 3, 4] . The rapid turnover rate and local rearrangements of focal adhesions often predict the speed of cell migration [5, 6] . Diverse array of proteins with different activities such as kinases, proteases, phosphatases, dephosptases, adaptor proteins, microtubules, etc participates in the FA turnover and cell migration [5, 7, 8] . However, limited reports exist to support the role of microtubule-binding proteins in focal adhesion turnover. In our recent report, we found the regulatory role for hematopoietic PBX interacting protein (HPIP), a microtubule binding protein, in focal adhesion dynamics and cell migration [9] . Hematopoietic Pbx-interacting protein (HPIP) was first identified as a transcriptional repressor of Pbx proteins [10] . It is mostly localized in cytosol but traces amounts also found in nucleus. The transcriptional repression activity of HPIP is primarily attributed to the presence of a nuclear export signals and two functional nuclear localization signals [10] . Recent studies revealed that HPIP is involved in erythroid differentiation and display stem cell activity by modulating the PI3K/AKT/GSK3β signaling pathway [11] .
RESEARCH HIGHLIGHT
Interestingly, both HPIP and Pbx1 have highest expression in early progenitor cells, e.g. CD34+ than in mature cells [10] suggesting a role for HPIP in primitive stages of hematopoiesis. However, as HPIP expression positively correlates with Pbx1 in various tissues and during developing embryo implying that the functional interaction between HPIP and Pbx is not restricted to the hematopoietic system perhaps it may have role in the early stages of embryo development. In support this notion, HPIP expression have been found during embryonic stem cell differentiation [12] . HPIP is also shown to functionally interact with ERβ and Tex11 in regulation of germ cell proliferation [13] . Interestingly, HPIP overexpression was found in various cancers including hepatocellular carcinoma (HCC), glioma, leiomyosarcomas and oral carcinoma [14, 15, 16] .
We and others demonstrated that HPIP has the potential to regulate extranuclear genomic estrogen receptor alpha (ER) signals by acting as a scaffold protein [17] . It recruits cell survival signaling molecules such as Src and PI3K along with ER to microtubule network resulting the formation of a 'signalosome' which further led to activation of AKT and ERK1/2 kinases. The activated kinases are attributed for the HPIP-mediated cell proliferation, migration, anchorage independent growth and invasion of cancer cells [14, 15, 17] . However, the precise mechanism by which HPIP regulates the cell migration and invasion remains elusive. In our recent report, we discovered the regulatory mechanism by which it regulates cell migration using breast cancer cell lines such as MCF7 and MDA-MB231 as model systems.
Locomotion is one of the adaptive mechanisms for better survival of living organisms. It is a property that cancer cells also explore to spread to distant tissues for inhabitation and survival. Eukaryotic cells follow a motility cycle to migrate distant sites [18] . The motility cycle typically involves the formation of directional protrusion, followed by cell adhesion through engagement of focal adhesion proteins to the site of attachment, reception through residency of the focal adhesion proteins and eventually breakup though tail retraction. Therefore, we describe the focal adhesion turnover involves a cycle with the following steps: engagement, reception and breakup. The actin polymerization is the initial driving force for protrusion of the leading edge that establishes the directional migration. The membrane associated integrin receptors later on make the contacts with the extracellular matrix to initiate the adhesion event. During the adhesion event, the cytoskeletal macromolecular complexes comprised of large number of proteins that include kinases, membrane-associated proteins, proteases, phosphatases, etc. engage to the adhesion site and form the focal adhesions [7, 19] . Majority of these proteins involved in FA formation are reported to be deregulated in various cancers [20, 21, 22, 23] .
Engagement
As the focal adhesion are dynamic in nature, the exact number and the precise stoichiometry of the proteins involved in FA formation is largely unknown. The oncoming data along with other data sets has revealed high levels of HPIP expression in advanced stages of breast cancer patients. Also our immunohistochemistry studies in IDC patient samples determined high HPIP protein levels in cancerous tissues as compared to the surrounding normal tissues. Further we found a positive correlation of elevated levels of HPIP expression with poor patient prognosis. These findings implied the intimate association of high level expression of HPIP with invasive phenotype and raised the possibility of its role in regulating cell motility and invasion. In support of this idea, the in vitro assays measuring the rate of cell adhesion and cell migration clearly indicated that increased levels of HPIP protein is commensurate with decreased affinity of the cells to bind to the substratum, change in cell morphology and increased cell migration in MDA-MB231 cells. Recently, human microRNA-148a (miR-148a), was reported in hepatocarcinoma cells and animal models to down regulate HPIP expression, and to inhibit the cell migration and invasion [14] . Furthermore, methylation-induced silencing of miR-148a was shown in several cancers that include breast, colon, lung, neck and pancreatic cancers, and associated with tumor metastasis [24, 25] . The above results established a firm ground of evidence about the possible role of HPIP in cell migration. Also the increased HPIP expression pattern in small groups of tumor cells at the edge of IDC tissue sections clearly indicated its involvement in cell migration and dissemination. However, whether the role of HPIP in cell migration is because of PI3K-AKT/Src-MAPK nexus or if it has any other unique role needs to be established. Interestingly, our localization studies of HPIP revealed its presence in the cell periphery at the sites resembling that of FAs. Furthermore, these studies revealed the engagement of HPIP with other key molecular players of FA such as paxillin, FAK, vinculin and zyxin in FAs. All these results taken together point out to novel role of HPIP, where by its engagement in FAs may be associated with its role in cell migration.
Reception
Despite the convincing results of the role of HPIP in cell migration, much less was known about its mechanism. The studies with HPIP shRNA in breast cancer cell lines revealed that the size of the FAs was increased significantly upon HPIP knockdown. Time lapse video microscopy analysis of MCF7 cell lines using zyxin as a FA marker further revealed that loss of HPIP expression lead to reduced motility, delayed FAs disassembly and decreased turnover rate. The increase in size of FAs is a clear indicator of deregulated kinetics of FA disassembly [26, 27] . The key molecular player regulating the FA dynamics is FAK and an intriguing question is that whether these two proteins bear any significant relationship. This question was addressed through domain mapping studies. Despite HPIP contained a typical integrin ligand binding domain i.e. RGD motif (R, arginine, G, glycine and D, aspartic acid), the C-terminal domain of HPIP, but not RGD, directly interacted with kinase domain of FAK, and increased autophosphorylation of FAK at Y397 residue which is the activation core of this mighty protein. In our study, by knockdown of endogenous HPIP expression, phosphorylation of FAK at Y397 was clearly suppressed and conversely overexpression of HPIP was associated with increased Y397 phospho-FAK. Further, all C-terminal deletion mutants of HPIP lost their ability to activate FAK and localization to focal adhesions suggesting that C-terminal region spanning 583-731 amino acids of HPIP was crucial for HPIP-mediated FAK activation and its localization to FAs. Hence, we are speculating that the interaction of HPIP with FAK may bring about the conformational changes in FAK resulting in activation of the kinase or may be this interaction open up the inhibitory domains that hinder the activation of FAK in its native form. The inhibition of FAK using FAK-specific inhibitors or by knockdown approach led to decease in HPIP-mediated FA disassembly and cell migration indicating that HPIP-mediated cell migration requires FAK.
Breakup
Microtubules (MTs) and associated proteins are considered as critical factors in focal adhesion turnover during cell migration. Accumulating body of evidence to define the molecular mechanism by which tubulins regulate FA kinetics [5] . Several microtubule binding proteins includes kinesin-1, dynamin, ZF21, GTSE1 and ACF7 has been implicated in regulating microtubule-induced focal adhesion disassembly [8, 27, 28, 29, 30] . Our investigations with nocodazole, a microtubule poison drug, washout followed by microtubule regrowth indicated that cells lacking HPIP decreased FA turnover and migration implying that HPIP is essential for microtubule-mediated FA turnover. Previous studies shown that HPIP acts as a scaffold protein and recruits several proteins to the microtubule network [17] . Accordingly, binding of HPIP with microtubules may provide an ideal specified platform, wherein the rich amino acid diversity of HPIP acts as a 'protein hub' to several proteins to halt upon and perform their activities in a spatial and temporal manner. One such key molecular player is calpain2, an intra-cellular calcium-dependent proteolytic enzyme associated with proteolysis of talin which triggers the FA disassembly and migration. HPIP interacts directly with FAK in a C-terminal dependent manner and this direct interaction has two key implications. The first one being the activation of calpain2 by MAPK in HPIP-dependent manner and the second one is HPIP itself being a target for calpain2 thus acting as a negative feedback loop. The activation of calpain2 results in proteolysis of talin and initiation of disassembly events, at the same time cleavage of HPIP by calpain2 which may perhaps results in desensitization of cell migration signal. This mechanism provides the key insight into the role of HPIP wherein it may acts as an 'epicenter' for the convergence of different pathways and channelizes them to bring about a synergistic effect. Thus breakup of HPIP though calpain2-mediated proteolysis might lead to dismantling of the essential components of FA, their turnover and ultimately the cell migration. Further studies are warranted to map the calpain2 cleavage site in HPIP and the effect of calpain2 cleavage defect mutant in FAs turnover and migration.
Interestingly, HPIP have nuclear export signal (402-731 aa) and two functional nuclear localization signals (485-505 aa and 695-720 aa) [31] implicate its potential to be a nucleo-cytoplasmic shuttling protein. However, these domains are poorly studied and therefore unraveling the information they possess may provide a big step for future investigation on HPIP functions and its subcellular localization. Further studies are warranted to characterization of these localization signals and the signals that facilitate HPIP translocation between cytoplasm and nucleus which may further provide new insights in HPIP cellular functions. In conclusion, HPIP is shown to be an important player in focal adhesion turnover and cell migration. Further investigation of the additional mechanisms of HPIP and identification of new interacting proteins may serves as an attractive candidate for cancer therapy.
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